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FIELD OF THE INVENTION 
The present invention relates to an information 
recording apparatus for forming patterns on rotating sub- 
strates, e.g. for manufacturing information carriers or 
masters therefor. Such information carriers include opti- 
cal and magnetic storage devices such as optical disks, 
magneto-optical discs and patterned magnetic media. More 
specifically, the present invention relates to an appara- 
tus for .wri ting and/ or edo^ ng^such^in format ion carriers 
or masters by means of an energy beam such as an electron 

beam or x5n beam. 

BACKGROUND OF THE INVENTION 
A master or information carrier of the above type 
includes small structures, typically in the nanometer 
range, which must be produced in a highly evacuated 
J_ atmosphere. In practice, the energy beam is focused on 

EH a recording medium or substrate which is rotated inside 

a vacuum chamber. By moving the rotating recording medium 
radially, the energy beam is made to write the informa- 
tion on the recording medium in a helical path, thereby 
manufacturing a master. 

A typical prior art information recording apparatus, 
known from US-A- 5 , 868 , 941 , comprises a vacuum chamber, an 
electron beam generator mounted on a top portion of the 
vacuum chamber and emitting an electron beam into the 
vacuum chamber, and a spindle motor driving a spindle to 
rotate the recording medium in the vacuum chamber. The 
spindle motor is enclosed in a casing within the vacuum 
chamber to prevent the magnetic fields of the spindle 
motor from interfering within the electron beam. The cas- 
ing is mounted on a movement means effecting radial move- 
ment of the rotating spindle. The movement means is in 
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turn mounted on a bottom portion of the vacuum chamber. 
To reduce friction, the spindle is mounted on a pneumatic 
bearing on the spindle motor. As a result of the pneuma- 
tic bearing, the interior of the casing is in communica- 
tion with the atmosphere. This prior art apparatus suf- 
fers from a number of drawbacks. First, the apparatus is 
sensitive to changes in ambient temperature and to mecha- 
nical vibrations. Such changes will translate into dimen- 
sional changes affecting the accuracy with which the 
structures can be produced on the recording medium. 
„ Second, it is a laborious task to mount the electron 

:g beam generator precisely perpendicular to the recording 

03 medium, complicating both assembly and maintenance of the 

□ apparatus. Also, the walls of the vacuum chamber might 

1H flex during assembly of the apparatus, thereby changing 

i ¥ 

^ presumably known dimensional relationships and necessi- 

01 tating excessive fine adjustments on a trial and error 

ffl basis. Third, it is difficult completely prevent magnetic 

y fields from entering the vacuum chamber. 

A similar information recording apparatus in known 
from US-A-5, 686, 941, in which the radial movement of the 
spindle is controlled by a feed motor unit arranged out- 
side the vacuum chamber. The feed motor unit drives a 
screw bar which extends through an opening in a wall por- 
tion of the vacuum chamber to a movable holder therein. A 
spindle motor including a pneumatic bearing is mounted on 
the holder and is enclosed in a casing communicating with 
the atmosphere. To seal off the casing from the vacuum 
chamber, the spindle extends through a magnetic fluid 
seal which is generated by a magnetic unit producing a 
magnetic field that interacts with the spindle via a mag- 
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netic fluid. Generally speaking, this apparatus suffers 
from the same drawbacks as the apparatus described by way 
of introduction. By placing the feed motor unit outside 
the vacuum chamber, the magnetic field inside the vacuum 
chamber is reduced, but instead there is an increased 
risk of leaks, since it is difficult to provide a durable 
seal between the moving screw bar and the opening in 
vacuum chamber wall. 

Another information recording apparatus having a 
similar feed motor unit arrangement is disclosed in 
GB-1,458, 778. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a novel information recording apparatus for forming pat- 
terns on rotating substrates which obviates or mitigates 
at least one of the disadvantages of the prior art. 

It is another object of the present invention to 
provide an information recording apparatus that is of 
simple construction and allows for high accuracy in the 
formation of patterns on rotating substrates. 

It is yet another object of the present invention 
to facilitate maintenance and assembly of an information 
recording apparatus . 

These objects are at least partly achieved by the 
information recording apparatus as defined in independ- 
ent claim 1. Preferred embodiments are defined in the 
dependent claims. 

The common base member provides a common reference 
during assembly of the apparatus, so that the energy beam 
generator can be easily mounted at a known and fixed 
relation to the holder, and thereby also in relation to 
the spindle and the recording medium thereon. The common 
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base member will also prevent any dimensional changes in 
the vertical walls of the vacuum chamber from affecting 
the accuracy of the apparatus. Fixing the holder, vacuum 
chamber and the energy beam generator to the common base 
member also reduces stack-up of tolerances. Further, the 
common base member potentially saves material since the 
thickness of the vacuum chamber walls might be reduced 
from a rigidity point of view. 

According to a preferred embodiment, the vacuum 
chamber and the energy beam generator are fixed to the 
common base member from opposite sides thereof. This 
allows for simple and convenient assembly of the appara- 
tus, the positional relationship between the energy beam 
generator and the spindle basically being given by the 
degree of parallelism between the opposite sides of the 
common base member. Preferably, the base member has the 
shape of a plate. 

According to another preferred embodiment, the ener- 
gy beam generator extends into the vacuum chamber through 
an opening defined in the base member, the energy beam 
generator being pivotable to uncover the opening. This 
embodiment facilitates maintenance by minimizing the 
necessary dismantling of the apparatus. To further faci- 
litate maintenance, it is preferred that the spindle 
motor is included in a detachable unit which is mounted 
in the holder in alignment with the opening in the base 
member. The spindle motor, which is susceptible to wear 
since it contains movable components and is subjected 
to rapid acceleration and deceleration, can be easily 
replaced by the operator through the uncovered opening, 
without excessive dismantling of the apparatus. 


In yet another preferred embodiment, the information 
recording apparatus further comprises a connecting rod 
extending between the holder and the feed motor unit, the 
feed motor unit being mounted on the common base member 
outside the vacuum chamber, the connecting rod extending 
through an aperture defined in a wall portion of the 
vacuum chamber; and a flexible sleeve element surrounding 
the connecting rod outside the vacuum chamber and being 
sealingly attached to the feed motor unit and the wall 
portion of the vacuum chamber. Thus, a simple construc- 
tion is provided that minimizes the risk of ambient air 
leaking into the vacuum chamber. By mounting the feed 
motor unit on the common base member, the feed motor unit 
can be carefully aligned with the holder, the common base 
member providing a reference plane for such alignment . 
Preferably, the connecting rod has an interior space 
extending between the ends of the rod, the ends being 
sealingly connected to the holder and the feed motor 
unit, respectively. Thereby, electrical and/or pneumatic 
connections can be led directly to the spindle motor 
without need for additional seals or gaskets. 

In another preferred embodiment, the holder defines 
an atmospheric chamber enclosing the spindle motor, the 
spindle extending from the spindle motor into the vacuum 
chamber through a magnetic fluid seal producing means, 
and the spindle comprising a spindle portion of essen- 
tially non-magnetic material extending from the magnetic 
seal producing means into the vacuum chamber and a sur- 
face portion of magnetic material on a level with the 
magnetic seal producing means. This arrangement will 
minimize the magnetic field in the vacuum chamber, since 
the magnetic field generated by the spindle motor and the 
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magnetic fluid seal producing means is effectively con- 
fined to the atmospheric chamber. 

In yet another preferred embodiment, the information 
recording apparatus further comprises a distance sensor 
mounted on a beam- emitting end of the energy beam gene- 
rator in the vacuum chamber. Thus, it is possible to con- 
tinuously monitor the distance to the recording medium 
and take correcting measures when necessary, thereby fur- 
ther minimizing the influence of any dimensional changes 
in the apparatus and any out-of -flatness or other irregu- 

q larity of the recording medium. Preferably, the distance 

sensor has a sensor area defining a central through-hole, 

'ff wherein the distance sensor is mounted with the through- 

S hole in alignment with a beam outlet of the beam-emitting 

111 

ry end. Thereby the distance can be measured at high accu- 

racy for a small region in the immediate vicinity of the 
p 1 focal spot on the recording medium. The high accuracy is 

Lq achieved by the sensor having a comparatively large sur- 

sEJ face area, due to its annular shape. Further, as known in 

the art, a back- scatter detector inside the energy beam 
generator can be used for optimization of the generator, 
with respect to focal spot, position etc, before writing 
on the recording medium, without the need to remove the 
distance sensor. It is also preferred that the distance 
sensor is arranged to determine the distance to the 
recording medium via a level of impedance between the 
sensor and the recording medium. Such a sensor has been 
found to be robust and reliable. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention will 
now be described, by way of example only, with respect to 
the attached schematic drawings, wherein: 

Fig. 1 is an overall view of an information record- 
ing apparatus according to the present invention; 

Fig. 2 is an enlarged view of a spindle cooperating 
with a seal structure in the apparatus of Fig. 1; and 

Fig. 3 is an enlarged view of a front portion of an 
energy beam generator in the apparatus of Fig. 1. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Fig. 1, an information recording appa- 
ratus of the present invention comprises a vacuum chamber 

1 and an electron gun 2 . The bottom portion of the vacuum 
chamber 1 is carried on a foundation 3 with leg supports 

4 and is connected to one or more vacuum pumps 5. The top 
portion of the vacuum chamber 1 is fixedly connected to 
one side of a base or reference plate 6. The electron gun 

2 is attached to the opposite side of the base plate 6 
and extends into the vacuum chamber 1 through an opening 
7 in the base plate 6. The electron gun 2 is of conven- 
tional design, emitting a beam of electrons in the vacuum 
chamber 1. A hinge 8 is provided between the electron gun 
2 and the base plate 6, so that the electron gun 2 can 

be swung between a tilted maintenance position and an 
upright writing position. 

Inside the vacuum chamber 1, a substrate holder 9 is 
attached to the base plate 6. The substrate holder 9 com- 
prises a stationary holder part 9a connected to the base 
plate, and a movable holder part 9b which is guided in a 
linear path on the stationary part 9a. The movable holder 
part 9b carries a spin unit 10. The spin unit 10, which 
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is partly arranged in a casing forming an atmospheric 
chamber 11 inside the movable holder part 9b, comprises 
a spindle motor 12, a spindle 13 (indicated with dashed 
lines in Fig. 1) and a substrate reception surface 14 
adjoining the spindle 13 and facing a beam outlet 15 of 
the electron gun 2. To minimize friction, the spindle 13 
is supported on the spindle motor 12 by a pneumatic bear- 
ing (not shown), as is well known in the art. Thus, the 
spindle motor 12 is adapted to effect controlled rotation 
of the reception surface 14 inside the vacuum chamber 1. 
q For ease of maintenance, the spin unit 10 is formed as a 

^ detachable unit. Thus, the operator can simply disengage 

F the unit 10 from the movable holder part 9b and remove it 

Q through the opening 7 which is formed essentially in line 

HI with the unit 10. 

!jU Further, the apparatus comprises a feed motor unit 

ff^ 16 which is connected to the movable holder part 9b to 

Ul effect a linear movement thereof. The feed motor unit 16 

o 

l1 is preferably a high-precision linear motor, typically 

with a resolution of 2 nm or less, which is electrically 
connected to a feed control unit 17. The linear motor 16 
is attached to the base plate 6 and is connected to the 
movable holder part 9b by means- of a hollow rod 18. The 
rod 18 extends through a hole 19 in the vacuum chamber 
wall. A simple seal, which accommodates the movement of 
the rod 18, is provided by a flexible sleeve in the form 
of a bellows element 2 0 that surrounds the rod 18 and is 
sealingly connected to the linear motor 16 and the vacuum 
chamber wall. The open ends of the rod 18 communicates 
with the atmospheric surroundings and the atmospheric 
chamber 11, respectively, so that a fluid path is estab- 
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lished between the atmospheric chamber 11 and the sur- 
roundings- Further, electrical cables (not shown) are 
led from a spin control unit 21 to the spindle motor 12 
through the interior of the rod 18. 

In another conceivable embodiment (not shown) , the 
feed motor unit is enclosed in a low- vacuum chamber, 
wherein a vertical wall of the main vacuum chamber forms 
a partition between the low-vacuum chamber and the main 
vacuum chamber. The pressure in each chamber is con- 
trolled by a respective vacuum pump. The connecting rod 
extends from the feed motor unit to the substrate holder 
in the main vacuum chamber through a hole in the vertical 
wall, the dimensions of the hole being close to those of 
the rod, so that the leak rate from the low-vacuum cham- 
ber to the main vacuum chamber is kept low. In such a 
two-stage vacuum chamber construction the flexible sleeve 
element discussed above can be omitted. 

In operation, the vacuum chamber 1 is evacuated by- 
means of the vacuum pump 5, and a recording medium or 
substrate 30 (Fig. 3) is placed on the reception surface 
14 inside the vacuum chamber 1, optionally by an automa- 
tic loading unit (not shown) . This automatic loading unit 
could also include an air-lock mechanism to allow for 
introduction of one or more substrates 3 0 from the out- 
side of the vacuum chamber 1. Then, the spin unit 10 is 
actuated to rotate the substrate 30, typically at a rate 
of 50-4000 rpm. Subsequently, the electron gun 2 is con- 
trolled to focus a beam B of electrons (Fig. 3) on the 
substrate 3 0 to incorporate an information- containing 
structure therein. Control of the writing operation can 
be effected by a computer (not shown) or the like. During 
the writing operation, the substrate 30 is moved helical - 
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ly relative to the beam by the spindle motor 12 rotating 
the spindle 13 and by the linear motor 16 translating the 
movable holder part 9b, which is suspended from the base 
plate 6 by means of the stationary part 9a. When the 
writing operation is completed, the rotation of the 
spindle 13 is interrupted and the finished master is 
removed from the reception surface 14. 

Fig. 2 illustrates a preferred embodiment of a seal 
structure provided between the spindle 13 and the movable 
holder part 9b to prevent outside atmosphere from leaking 
into the vacuum chamber 1. In the illustrated embodiment, 
the spindle 13 extends into the vacuum chamber 1 through 
a port 9' in the movable holder part 9b. A magnetic seal 
producing means 40 arranged at the port 9 ! comprises two 
pole pieces 41, 42 with a magnet 4 3 in between. Thus, a 
closed magnetic circuit is formed so that a magnetic 
fluid 44 is generated and maintained in the gaps formed 
between the front ends of the pole pieces 41, 4 2 and the 
spindle 13. The spindle 13 is made of essentially non- 
magnetic material, such a stainless steel, aluminum or 
brass. A sleeve 45 of magnetic sheet material, for exam- 
ple |i-metal or soft permeable steel, is attached to the 
outer periphery of the spindle 13, for example by shrink 
fitting, adhesive bonding or any other suitable means. 
The sleeve 4 5 of magnetic material is aligned with the 
magnetic seal producing means 4 0 and is thereby confined 
within the holder part 9b. This has been found to effec- 
tively prevent the generated magnetic fields from reach- 
ing the substrate on the receiving surface 14. Further, 
the combination of two sandwiched materials has also been 
found to improve the rigidity of the spindle 13. Thus, it 
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is conceivable to provide a sleeve 4 5 extending further 
towards the spindle motor 12. Alternatively, not shown, 
the spindle could be integrally formed with a seal por- 
tion of magnetic material and a vacuum-side portion of 
essentially non-magnetic material. 

Fig. 3 illustrates a further preferred embodiment 
of the apparatus according to the invention and shows a 
front portion of the electron gun 2 which as such is of 
conventional design. Upstream of the beam outlet 15, as 
seen in the direction of the beam path B, a backscatter 
detector 2' is provided in a manner known per se . The 
output of the backscatter detector 2 ' is typically used 
for preparatory optimization of the position of the elec- 
tron gun 2 before the writing operation, by operating the 
electron gun 2 in a microscope mode. A distance sensor 50 
in the shape of an annular ring is concentrically mounted 
with respect to the beam outlet 15, such that the beam 
can pass the center of the sensor 50. The distance sen- 
sor 50 is preferably of inductive or capacitive type and 
senses the distance to the substrate 3 0 on the receiving 
surface 14. Alternatively, the sensor could be of optical 
type. The distance sensor 50 allows for continuous moni- 
toring of the distance to the rotating substrate 3 0 
during the writing operation. Based on the output of the 
distance sensor 50, the electron gun 2 can be controlled 
in real time to accommodate for any small changes in dis- 
tance occurring during the writing operation, for example 
by optimizing the focal length of a focussing device (not 
shown) in the electron gun 2. Such changes in distance 
could for example be due to dimensional changes in the 
apparatus or out-of -flatness or other irregularity of the 
substrate 30. The design and location of the distance 


sensor 50 also allows the operator to use the backscatter 
detector 2 1 without removing the distance sensor 50. 

While the presently preferred embodiments of the 
invention have been shown and described above, it is to 
be understood that these disclosures are for the purpose 
of illustration and that various changes and modifica- 
tions may be made without departing from the scope of the 
invention as set forth in the appended claims. For exam- 
ple, any suitable energy beam could be used for writing 
and/or editing information on the recording medium, e.g. 
any beam of charged particles such as ions or electrons. 
It is also to be understood that the base plate could be 
an integral part of the vacuum chamber, i.e. integrally 
formed with the vertical vacuum chamber walls. 
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